SUMMARY It is conceivable that brush border enzyme activities of the intestinal mucosa will change when bacterial toxins are exposed to the intestinal microvillous membranes. The effect of cholera toxin on the activity of intestinal alkaline phosphatase in rats was therefore determined in the intestinal mucosa by the histochemical method as well as in intestinal lymph by using lymph fistulated-rats. Activity of intestinal alkaline phosphatase in the intestinal mucosa and lymphatics changed biphasically after the oral administration of cholera toxin to rats. For the first three hours after the administration of cholera toxin it was depressed; it then increased and at eight hours reached a maximum. These changes in the activity of intestinal alkaline phosphatase were prevented by the administration of chlorpromazine, a known inhibitor of adenylate cyclase activity.
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Recent studies have shown that cholera toxin stimulates an adenylate cyclase activity of intestinal mucosa, resulting in an increased concentration of mucosal cyclic 3',5'-adenosine monophosphate (CAMP).1 It is also clear that this nucleotide is related to the massive isotonic secretion of the intestine induced by cholera toxin and the diarrhoea associated with it.3 Little is known, however, about the changes of glycoproteins in intestinal mucosa in cholera toxin induced diarrhoea. It has recently been reported that cholera toxin binds to certain glycoprotein receptors of rat intestinal microvillous membranes, which have a similar carbohydrate sequence to GM1 ganglioside, a known specific glycolipid receptor for cholera toxin. 4 Another study has reported that cholera toxin induced glycoprotein secretion of rabbit small intestine.5 It is therefore conceivable that certain glycoproteins, as brush border enzymes of the intestinal mucosa, will change after attachment of cholera toxin to the intestinal microvillous membranes.
Intestinal alkaline phosphatase is a representative brush border enzyme of the intestine. Although its physiological function is not yet fully known, this enzyme may play some role in the transport of several substances, such as long chain fatty acids and calcium in the intestinal mucosa.68 There have, however, been few studies on the changes of intestinal alkaline phosphatase activity by exposure to cholera toxin.9 The present study was therefore undertaken (1) to assess the biochemical and histochemical changes in intestinal alkaline phosphatase activity by exposure to cholera toxin and (2) to determine whether the changes of intestinal alkaline phosphatase activity are related to the rise in CAMP levels in the intestinal mucosa, using chlorpromazine, a known inhibitor of adenylate cyclase activity. 10
Methods

MATERIALS
Male Wistar rats weighing about 300 g were used for the experiments. Purified cholera toxin was purchased from the Chemo-Sero-Therapeutic Research Institute (Kumamoto, Japan).
In order to study the effect of cholera toxin on mucosal production of CAMP, 10 gg, 100 ,g, and 1000 ,ug of the toxin dissolved in 1 Alkaline phosphatase activity of intestinal lymph was also determined using lymph-fistulated rats. After intraperitoneal pentobarbitone anaesthesia, the main mesenteric lymphatic duct near the cisterna chyli was cannulated for the collection of intestinal lymph. After the operation, animals were kept in Bollman's cage13 and normal saline was given intravenously at the rate of 2.4 ml/h in order to maintain a lymph flow to the end of the experiments. Experiments started 16-20 hours after the operation. After the administration of 10 ,ug, 100 ,ug, or 1000 ,ug of cholera toxin into the duodenum of rats, intestinal lymph was collected continuously at one-hour intervals for 24 hours. Alkaline phosphatase activity in intestinal lymph was determined by the method of Kind and King.14 Lymph samples obtained from both control and cholera toxin-treated rats were subjected to electrophoresis on Agarose gels to determine the isoenzyme of alkaline phosphatase.15 Chlorpromazine 20 gg/g of body weight was injected intramuscularly at one-hour intervals from one hour before to five hours after the administration of cholera toxin to rats.
Results
FLUID ACCUMULATION AND MUCOSAL CAMP CONCENTRATION
Cholera toxin induced a marked accumulation of fluid in the small intestinal tract and a significant increase in CAMP levels in the jejunal mucosa (Table 1) . Six hours after the administration of cholera toxin, luminal contents were moderately increased from the control value by 10 gg, and markedly increased by 100 ,ug and 1000 gg. Chlorpromazine reduced cholera toxin-induced fluid accumulation significantly and its values were statistically not significant from controls. CAMP levels in jejunal mucosa were significantly increased six hours after the administration of 100 gg and 1000 gg of cholera toxin. Chlorpromazine treatment also prevented these rises in CAMP levels.
A profile of the time course of events after the administration of cholera toxin is summarised in Table 2 . Cholera toxin-induced fluid accumulation was demonstrated three hours after the administration of the toxin and reached its maximum by six hours. Three hours after exposure to cholera toxin there was an increase in tissue CAMP levels. The maximum increase in CAMP was noted six hours after exposure to cholera toxin and continued its rise to 12 hours after exposure. A slight increase of CAMP in jejunal mucosa was still found 24 hours after exposure to cholera toxin. (Table 3) Before the administration of cholera toxin, a strong enzyme activity of alkaline phosphatase was demonstrated on the brush border of villi. A slight positive reaction was observed in the lamina propria (Fig.  1A) . These alkaline phosphatase activities of villi decreased three hours after exposure to cholera toxin, and there was no intense activity of alkaline phosphatase in the intestinal mucosa at this time (Fig. 1B) . Six hours after the administration of cholera toxin, the intestinal alkaline phosphatase activity began to recover on the brush border and in the lamina propria of the mucosa, while, nine hours after, an intense alkaline phosphatase activity appeared again on the brush border of the villi. It is noteworthy that an intense intestinal alkaline phosphatase activity was also observed in the lamina propria and submucosal lymphatics, as if it was transferred to lymphatics nine hours after the administration of cholera toxin (Fig. 1C) . Twentyfour hours afterwards, however, these changes reverted to the states that existed before exposure to the toxin. Chlorpromazine inhibited these changes of alkaline phosphatase activity of the intestinal Table 3 Histochemical study ofintestinal alkaline phosphatase activity before and after administration of cholera toxin in rats: effect ofchlorpromazine (CPZ) mucosa after the administration of cholera toxin, and also six hours after administration. There was still a strong enzyme activity of alkaline phosphatase on the brush border of villi as seen before the administration of the toxin. These histological changes are summarised in Table 3 .
ACTIVITY OF ALKALINE PHOSPHATASE IN INTESTINAL LYMPH
Alkaline phosphatase zymograms of intestinal lymph showed that all of these activities were the intestinal types of alkaline phosphatase (Fig. 2 ). An intestinal alkaline phosphatase activity of intestinal lymph after the administration of 100 gg and 1000
,ug of cholera toxin changed biphasically and correlated well with histochemical observations. When 10 gg of cholera toxin was administered, however, no significant changes in the activity of alkaline phosphatase in intestinal lymph were observed. Before the administration of cholera toxin, alkaline phosphatase output in intestinal lymph was 14.4±1.8 (mean±SEM) KAUx1O-2/h. Intestinal alkaline phosphatase activity was depressed temporarily by the first three hours after cholera toxin was administered and intestinal alkaline phosphatase output was 9-1±1.3 KAUX 10-2/h (O.Ol<p<0-05) with 100 gg of cholera toxin, and 9.0±0.9 KAUx1O2/h (O.Ol<p<0.O5) with 1000 ,g of cholera toxin at two hours. But after that intestinal alkaline phosphatase activity began to rise four hours after the administration of cholera toxin. At eight hours its values reached a maximum of activity about three times as much as before the administration of the toxin, 37.1+3.8 KAUx 1-2/h (p<O.OOl) with 100 jig, and 51.6±4.6 KAUx1O-2/h (p<O.OOl) with 1000 ,ug of cholera toxin. These increases in intestinal alkaline phosphatase began to decline after reaching maximal rises and returned to control values in 24 hours. When rats were treated with chlorpromazine, however, no significant change in the activity of alkaline phosphatase in intestinal lymph was found even after the administration of cholera toxin. At two hours after toxin Fig. 1 Histochemistry ofalkaline phosphatase activity ofthe jejunum after the administration of100 ,ug cholera toxin to rats. A: before, B: three hours after, C: nine hours after the administration ofcholera toxin. x160. Fig. 2 Iso-enzyme patterns ofalkaline phosphatase after agar gel electrophoresis ofintestinal lymph in rats. P: placental alkaline phosphatase (marker). I: intestinal lymph ofrat before cholera toxin administration. II: intestinal lymph ofchlorpromazine-treated rat eight hours after the administration of100 ,ug ofcholera toxin. III: intestinal lymph ofrat eight hours after the administration of 100 ,g ofcholera toxin.
administration, the alkaline phosphatase activity in intestinal lymph of chlorpromazine-treated rats was not suppressed and was 12.8± 18 KAU x 10 2/h with 1000 ,g of cholera toxin, while at eight hours the activity of lymph intestinal alkaline phosphatase of rats treated with chlorpromazine was not raised and was 12*9±2*0 KAUx 102/h with 1000 gg of cholera toxin. Changes of intestinal alkaline phosphatase activity in intestinal lymph after administration of cholera toxin and the inhibitory effect of chlorpromazine on the alkaline phosphatase output is shown in Fig. 3 .
Discussion
There have been several reports of an increase of hepatic alkaline phosphatase caused by administration of cholera toxin. 19 These biphasic changes of intestinal alkaline phosphatase activity brought about by cholera toxin were prevented by the administration of chlorpromazine. There is a possibility that chlorpromazine may prevent the attachment of cholera toxin to the mucosal cell surface. But chlorpromazine is known to inhibit hormonal stimulation of adenylate cyclase in various tissues.20 21 Holmgren et al have reported that chlorpromazine is a potential inhibitor of CAMP-mediated intestinal secretion produced by cholera toxin in mice.10 In our study of rats, chlorpromazine also inhibited the rise in CAMP levels produced by cholera toxin in the intestinal mucosa. It is probable, therefore, that the increase of intestinal alkaline phosphatase activity after four hours is mediated by the adenylate-cyclase-CAMP system in the intestinal mucosa.
It is conceivable that the activity of intestinal alkaline phosphatase may play a part in the mechanism of diarrhoea produced by cholera toxin. Morita et al have reported that epithelial cell membranes of rat intestinal mucosa have several glycoprotein receptors to cholera toxin other than GM1 ganglioside.4 As intestinal alkaline phosphatase is one of the glycoproteins, these data raise a possibility that cholera toxin attaches to intestinal alkaline phosphatase in the intestinal villous membranes when intestinal mucosa is exposed to cholera toxin and an intestinal alkaline phosphatase may play a part when cholera toxin or its subunits are transported across the villous membranes. It is known that protein synthesis in the intestinal mucosa is necessary for the hypersecretion enhanced by the increased levels of CAMP. 22 The exact way in which an increase in CAMP causes the ion transport of intestinal cells to be altered is, however, poorly understood. Lucid and Cox have demonstrated that cholera toxin increases the amount of phosphate incorporated into the protein fraction of intestinal epithelial cells. 23 There is therefore the alternative possibility that intestinal alkaline phosphatase may play a part in the phosphorylation of protein in intestinal epithelial cells which results in the state of hypersecretion.
